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Description 



CLEANING COMPOSITION AND METHOD 

OF WASHING A SILICON WAFER 

Cross Reference To Related Applications 

[0001] jhis application is a division of application Serial No. 
09/683,247 filed on December 5, 2001. 

Background of Invention 
[0002] 1. Field of the Invention 

[0003] The invention relates to the washing of a silicon wafer, 
and more particularly, to a cleaning composition and a 
method for washing a silicon wafer surface comprising a 
backside surface and bevel edges. 

[0004] 2. Description of the Prior Art 

[0005] As the performance of semiconductor devices progress to 

higher speeds, the use of aluminum as an interconnect 
material causes a speed bottleneck. Copper has become a 
preferred alternative material due to its low resistance and 
low cost. When plating a wafer with copper, e.g., a layer of 



Tantalum Nitride (TaN) is initially deposited using physical 
vapor deposition (PVD) to act as a barrier. After the barrier 
layer has been deposited, a seed copper layer is deposited 
using sputtering. Bulk copper is then deposited by either 
PVD or plating. 

[0006] Nevertheless, as manufacturing integrated circuits use 
copper interconnects, a problem often occurs in that the 
copper contaminates the backside and/or the bevel edges 
of the wafer through the gap between the wafer chuck and 
the wafer. Moreover, barrier layer materials, such as TaN 
remain on the bevel edges of the wafer as well. The pres- 
ence of copper and TaN on the backside and the bevel 
edges of the wafer cause problems in subsequent fabrica- 
tion. For instance, some of the contaminants in these ar- 
eas may flake off, thereby causing particulate problems 
and cross-contamination during subsequent fabrication. 

[0007] a conventional solution to the problem is removing the 

unwanted copper by applying chemicals to the backside of 
a wafer. An example of the chemicals is a mixture of sul- 
furic acid (H SO ), hydrogen peroxide (H O ) and deion- 
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ized (Dl) water, with ranges between 1% to 10% H SO and 
1% to 10% H O . 
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[0008] However, the mixture merely dissolves copper on the sur- 



face of the wafer and is incapable of removing copper, 
which penetrates into the surface layer of the wafer. Fur- 
thermore, the mixture is also incapable of removing cop- 
per and TaN on the bevel edges of the wafer, thus causing 
particulate problems and cross-contamination during 

subsequent processes. 
Summary of Invention 

[0009] it is therefore a primary objective of the claimed invention 
to provide a cleaning composition for washing a silicon 
wafer surface comprising a backside surface and bevel 
edges to solve the above-mentioned problem. 

[0010] According to the claimed invention, a cleaning composi- 
tion comprises a first acid for removing copper from the 
silicon wafer surface, an oxidizing agent for oxidizing the 
silicon wafer surface to form an oxide thin film and for 
oxidizing barrier residues on the bevel edges, a second 
acid for removing the oxide thin film and the oxidized 
barrier residue, and deionized (Dl) water. 

[001 1] it is an advantage of the claimed invention that the clean- 
ing composition is capable of dissolving copper on the 
surface of the wafer and removing copper, which pene- 
trates into the surface layer of the wafer. Furthermore, the 
mixture is also capable of removing copper and TaN on 



the bevel edges of the wafer to overcome the prior art 
shortcomings. 

[0012] These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the pre- 
ferred embodiment that is illustrated in the various fig- 
ures and drawings. 
Brief Description of Drawings 

[0013] Fig.l is a flow chart outlining the process of washing a 

silicon wafer surface according to the present invention. 
Detailed Description 

[0014] please refer to Fig.l. Fig.l illustrates a method of washing 
a silicon wafer surface comprising a backside surface and 
bevel edges according to the present invention. As shown 
in Fig.l, the wafer is delivered to a cleaning apparatus af- 
ter sputtering of a seed copper layer onto a barrier layer 
of the wafer (step 10). In a preferred embodiment of the 
present invention, the cleaning apparatus is the cleaning 
platform available from Semitool, Inc., or the etching and 
cleaning system available from SEZ, Inc. Furthermore, the 
barrier layer comprises either Titanium Nitride (TiN) or 
Tantalum Nitride (TaN) or any material capable of being 



used as a barrier. 

[0015] After sputtering the seed copper layer onto the barrier 

layer of the silicon wafer, copper and barrier residue may 
remain on the backside surface and the bevel edges of the 
wafer. Therefore, the method applies a cleaning composi- 
tion to the silicon wafer surface for a process time 
through spraying (step 12) to remove the unwanted con- 
taminants. In a preferred embodiment, the process time is 
approximately 30 seconds. 

[0016] According to the present invention, the cleaning composi- 
tion comprises a first acid for removing copper on the sil- 
icon wafer surface, an oxidizing agent for oxidizing the 
silicon wafer surface to form an oxide thin film and for 
oxidizing barrier residues on the bevel edges, a second 
acid for removing the oxide thin film and the oxidized 
barrier residue, and deionized (Dl) water. The first acid is 
selected from a group consisting of H 2 S0 4 , HNO , CH 
COOH, and H PO ; the oxidizing agent is selected from H 
O or HNO ; and the second acid is HF. The compositions 
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are as follows: the first acid is present in an amount be- 
tween 10% to 15% by weight; the oxidizing agent is 
present in an amount between 30% to 35% by weight; and 
the second acid is present in an amount between 0.5% to 



1.0% by weight. 

[0017] Once the cleaning composition has been applied to the 
silicon wafer surface, the method spin-dries the silicon 
wafer surface (step 14 of Fig.l). In a preferred embodi- 
ment, the application of cleaning composition and spin- 
drying processes of the silicon wafer surface are per- 
formed in the same cleaning apparatus. 

[0018] As described in the prior art, the mixture of sulfuric aid, 

hydrogen peroxide and Dl water can merely dissolve cop- 
per on the surface of the wafer. It is incapable of removing 
copper, which penetrates into the surface layer of the 
wafer. The mixture is also incapable of removing copper 
and barrier residue on the bevel edges of the wafer, thus 
causing particulate problems and cross-contamination 
during subsequent fabrication. 

[0019] | n contrast to the prior art, the cleaning composition ac- 
cording to the present invention provides HF for removing 
the silicon oxide thin film and the oxidized barrier residue 
formed by the oxidizing agent, such as HO. Thus the 
copper, which penetrates into the surface layer of the 
wafer, and the barrier residues on the bevel edges can be 
eliminated completely. The experimental results of Total 
X-Ray Reflectance Fluorescence (TXRF) according to a pre- 



ferred embodiment are listed below. 



[0020] 



Cleaning composition 


Process time Cu Quantity (xE10) 




(sec) 


Position 1 Position 2 Position 3 R esu it 




10 


13041.21 14348.19 


14322.49 Fail 


H2SO4/H2O2/DI 


30 


13063.24 13377.96 


13796.53 Fail 


60 


13556.48 13917.64 


13343.70 Fail 




10 


4287.41 4995.22 


5943.09 Fail 


HF/H2SO4/H2O2/DI 


30 


1.05 1.54 


2.40 O.K. 


60 


1.29 1.26 


0.76 O.K. 



[0021] jhe experimental results in the table above are acquired 
from utilizing the cleaning composition of HF, H SO , H O 
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and Dl according to a preferred embodiment of the 
present invention. They are superior to the results ac- 
quired from utilizing the cleaning composition without HF 
according to the prior art. When using the cleaning com- 
position of the present invention for 30 seconds, the un- 
wanted copper is reduced to an acceptable quantity. 
Therefore, the cleaning composition according to the 
present invention is capable of removing a substantial 
amount of contaminants. This reduces costs and improves 
yield. 

[0022] Those skilled in the art will readily observe that numerous 

modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 



only by the metes and bounds of the appended claims. 



